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(57) [Abstract] 
[Objective] 

To broaden the application of SRAM such that it will automatically initialize the data memory 
as desired, right after the power input of SRAM and that will allow the usual access after the 
initialization is over (after the power input) 



[Configuration] 

A semiconductor memory device that bears an array of SRAM cell characterized by the fact 
that at least a part of SRAM cell in the cell array has been using flip-flop circuit comprised of 
2 inverters that mutually have operational characteristics. 



[Claim(s)] 
[Claim 1] 

A semiconductor memory device characterized by the fact that it bears a memory cell array 
wherein a flip-flop circuit comprised by the cross connection of input output node of the 2 
inverters and between the pair of memory node and the pair of bit line of this flip-flop circuit 



each has been connected, is comprised of transistor for a pair of transmission gate that has 
been connected to the respective gate and at least a part of memory cell in aforementioned 
memory cell array has been using flip-flop circuit comprised of 2 inverters that mutually have 
operational characteristics. 



[Detail Description of the Invention] 
[0001] 

[Field of Industrial Application] 

This invention pertains to a semiconductor memory device and to the memory cell structure of 
static type random access memory (SRAM), in particular. 

[0002] 

[Prior Art] 

Figure 5 is a circuit diagram showing the memory cell of SRAM. 
[0003] 

This SRAM cell is comprised of flip-flop circuit 10 that is configured such that input output 
node of 2 inverters 11, 12 are cross connected and of transistor 13, 14 for the pair of 
transmission gate connected respectively between the pair of memory node (DN1, DN2) of 
this flip-flop circuit and the pair of bit line (BL, /BL) and each gate of transistor 13,14 for this 
pair of transmission gate has been connected to the word line WL. 

[0004] 

In addition, as for aforementioned inverters 11,12 both enhancement type MOS transistor to 
drive and E/R type inverter comprised of high resistant element for load or CMOS inverter 
that is comprised of complimentary MOS transistor could be used. ' 1 



Figure 6 is a circuit diagram showing (E/R typef flip-flop circuit using 2 E/R type inverters. 



Here, T is NMOS transistor to drive, R is load resistant, DN1 is the first memory node, DN2 is 
the second memory node. 

Figure 7 is a half view showing an example of the configuration of the SRAM cell that has 
used E/R type flip-flop circuit of figure 6. 



[0005] 



Here, 71 is a impurity diffusion zone of the superficial semiconductor base and forms the 
areas such as a drain area of MOS transistor, source area, the area of source hardware (ground 
potential) 

72 is polysilicon wiring of the first layer and forms the gate pole of MOS transistor. 

73 is a polysilicon wiring for the second layer and forms high resistant element and electric 
supply wiring (Power potential VDD) etc. 

74 is a contact domain. 
[0006] 

Until recently, in SRAM cell, 2 E/R type inverters were designed such that respective load 
resistance size, size of transistor and parasitic capacitance etc are will be equal in order to 
achieve uniform operational characteristics. 

[0007] 

However, in conventional SRAM to the point of power input data memory content of SRAM 
cell is inconsistent. 

Consequently, since an operation to write the desired memory data on all SRAM cells is 
required in order to initialize memory data in the case of using SRAM, application of SRAM 
is restricted on a large scale. 

[0008] 

[Problems to be Solved by the Invention] 

In case of using conventional ftR AM trk initialis e memory data as described above, since an 
operation to write the desired memory data on all SRAM cells was required application was 
restricted on large scale. 

[0009] 

As this invention is to solve all aforementioned problems it is possible to a utomatically 
initialize memory data in desired manner right after power inpu t, furthermore, aims at 
providing the semiconductor memory device with a broad application wherein after the 
initialization is over, (power input) usual access is possible. 

[0010] 

[Means to Solve the Problems] 

This invention pertaining to the semiconductor memory device possessing SRAM cell array is 



characterized by the fact that at least a part of SRAM cell in the cell array has been using flip- 
flop circuit comprised of 2 inverters that mutually have operational characteristics. 



[0011] 

[Embodiment] 

In the instance of producing SRAM automatic initialization of memory data in desired manner 
of aforementioned SRAM cell right after power input could be possible by producing 2 
inverters in SRAM cell which is the object of memory data initialization, with different 
operational characteristics wherein memory data right after power inp ut will be "1" or "0" 

[0012] 

In this case, as a degree of differentiating operational characteristics of the two inverters, usual 
access after initialization is over becomes possible and the o peration as normal £K A Mis 
possible by controlling at the minimum within the scope that allows initialization. 

[0013] 

[Embodiment(s)] 

Below, an embodiment of this invention will be explained with reference to the drawings. 

Figure 1 is showing an example of pattern structure of SRAM cell pertaining to the first 
embodiment of this invention. 

[0014] 

In this SRAM, SRAM cells that have been arranged in linear format as shown in figure 5, are 
comprised of a flip-flop circuit^ hat comprises t he cross connection of input output node of the 
^inverters and between the pair of memory node and the pair of bit line of this flip-flop 
circuit each has been connected, and is comprised of transistor for a pair of transmission gate 
that has been connected to the respective gates. 

[0015] 

Regarding the pattern of SRAM cell showed in figure 1, Dl and SI are drain area and source 
area of the first NMOS transistor to drive and D2 and S2 are drain area and source area of the 
second NMOS transistor to drive 

D3 and S3 are drain area and source area of the third NMOS transistor for transmission gate 
and D4 and S4 are drain area and source area of the fourth NMOS transistor for the 
transmission gates. 

Each of these areas, are comprised of impurity diffusion layer of superficial semiconductor 



base and the source area SI and S2 are formed by connecting source wiring that is comprised 
of the diffusion layer. 

[0016] 

Gl and G2 are correspondingly gate poles of aforementioned first and second drive transistor 
gates, G3 is a gate pole of transistor for aforementioned pair of transmission gate, these are 
comprised of polysilicon hardware of first layer 

[0017] 

The Gate pole Gl of aforementioned first drive transistor has been connected to drain area D2 
of the second drive transistor via contact area CT2 and diffusion layer wiring 2. 

[0018] 

The Gate pole G2 of aforementioned second drive transistor has been connected to drain area 
Dlof the first drive transistor via contact area CT2, polysilicon wiring 3 of the second layer 
and contact area CT 5 

Rl and R2 are first and second resistant element for the load, 4 is power supply wiring (power 
supply potential VCC), these are comprised of polysilicon wiring of the second layer. 

[0019] 

One edge of aforementioned resistant element Rl is continuous to power supply hardware 4, 
another edge has been connected to contact area CT1 (first memory node DN1) 

As for aforementioned second resistance device R2, one end is connected in power supply 
wiring 4,other end is connected to contact domain CT 2 (second storage node DN2). 

[0020] 

Drain area D3 of the transistor for aforementioned transmission gate is connected to the first 
memory node Dnl and its source area S3 has been connected to other bit line BL (not shown 
in the diagram) via contact area CT3 

Also, drain area D3 of the transistor for aforementioned transmission gate is connected to the 
first memory node Dnl and its source area S3 has been connected to other bit line BL (not 
shown in the diagram) via contact area CT3 

[0021] 

In SRAM of aforementioned embodiment at least a part of memory cell pertaining to memory 
cell array, uses the flip-flop circuit that is comprised of 2 inverters that have different mutual 
operational characteristics. 



[0022] 



Due to different operational characteristics of the two inverters, in this embodiment, resistant 
value of the first resistant element Rl is formed bigger (R1>R2) than the resistant value of the 
second resistant element and two transistors Tl and T2 for drive are formed of the same size. 



As a concrete example of configuration to realize aforementioned R1>R2, pattern length c a' of 
the second resistant element R2 is same as that of the first resistant element Rl , but the pattern 
length c b' of the second resistant element R2 is formed thicker than that of first resistant 
element Rl . 



The manufacturing of a glass mask to be used in the process of forming polysilicon wiring of 
the second layer, forming it in this way, can be realized by using pattern data (program data) 
such that will create the pattern width of the second resistant element R2 thicker than that of 
the first resistant element Rl only in the area shown in 'A 5 of figure 1. 

Figure 2 is a circuit diagram excluding the E/R type flip-flop circuit in the SRAM cell of 
figure 1 . 

Here, Tl, T2 are NMOS transistors for drive, Rl, R2 are load resistant, DN1 is the first 
memory node and DN2 is the second memory node. 

Figure 3 is a feature diagram showing an operation of memory data initialization right after 
the power input of SRAM cell of figure 1 . 



Namely, since Rl is bigger than R2 (R1>R2) at the time of power input, the electrkjiolential 
of the second memory n o de DN2 boots quic kly and the first drive transistor Tl turns on and. 
tKesecond drive transistor turns off 

With this, first memory node DN1 becomes level 'L' and the second memory node DN2 
becomes level C H\ and memory data 1 gets initialized. 

furthermore Rl is in contrast to above-mentioned example,. 



According to SRAM that possesses SRAM cell array as described above, since it becomes 
possible to automatically initialize the memory data right after the power input in the desired 
manner, the entire initialization operation of writing desired memory data on SRAM cell 



[0023] 



[0024] 



[0025] 




[0026] 



becomes unnecessary. 



[0027] 



In addition, by controlling the difference of operational characteristics of the two inverters 
within the scope enabling the initialization as an extent, after the initialization is over (after 
the power input) usual access becomes possible and the operation, as a usual SRAM is 
possible. 

Hence, SRAM of aforementioned embodiment, can be entitled as a mask RAM enabling 
reading and writing in response to the read-only mask ROM 

Furthermore, as an example of modification in order to have the difference in operational 
characteristics of the two inverters, the driving efficiency of the two drive transistors could be 
made different. 



Figure 4 shows another example of configuring SRAM cell pattern pertaining to this 
invention. 



In this example, driving efficiency gmlof the first drive transistor Tl is formed to be bigger^ 
t han driving efficiency gm2 ofthe second drive transistor T2 and two resistant elements Rl 
and R2 are formed of the same size. 

Furthermore, in figure 4, identical numbers are given to the identical parts in figure 1 . 



The manufacturing of a glass mask to be used in the process of forming diffusion layer, 
forming in this way can be realized by using pattern data (program data) such that will create 
the c hannel width Wl of the first drive transistor th icker than that ofthe second drive 
transistor only in the area shown in 'B 5 of figure 1. 



Since in SRAM cell of figure 4, gml is bigger than em2 (gml>gm2) at the time of power 
input, mem ory data 1 is initialized., 

^G m 1 i^ m xontrast to above-mentioned exa mple j 




Moreover, as an example of modification in order to have the difference in operational 
characteristics of the two inverters, the gate capacity could be formed ofthe value that differs 
mutually between the first memory node DN1 and the second memory node DN2, the two 



[0028] 



[0029] 



[0030] 




[0031] 



resistant elements Rl and R2 could be formed of the same size and the two drive transistors 
Tl and T2 could be formed of the same size. 

[0032] 

Further, in aforementioned embodiment SRAM is shown as an integrated semiconductor but 
this invention does not limit itself to this and SRAM could be generally applied to 
semiconductor integrated circuit mounted on other circuit and similar chip. 

[0033] 

[Effects of the Invention] 

According to this invention, as has been described above, since it is possible to automatically 
initialize the memory data right after the power input of SRAM, for example, hy initializing 
initiali zation program, initialization numerical constant etc. the operation of loading 
initialization program, initialization numerical constant right after the power input is not 
required. 

And after the initialization (power input) is over, usual access becomes possible and the 
application of SRAM can be broaden. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

Upper surface view that shows an example of pattern configuration of SRAM cell in SRAM 
pertaining to the first embodiment. 

[Figure 2] 

A circuit diagram excluding ^^J^e|flip-flop circuit in SRAM cell of figure 1 
[Figure 3] 

Feature diagram showing the operation of initializing memory data right after the power input 
of SRAM cell of figure 1. 

[Figure 4] 

Upper surface view that shows another example of configuring the pattern of SRAM cell 
pertaining to this invention. 

[Figure 5] 



A circuit diagram showing general configuration of SRAM cell 



[Figure 6] 

A circuit diagram showing E/R type flip-flop circuit pertaining to conventional SRAM cell 
[Figure 7] 

An upper surface view showing the pattern configuration corresponding to the SRAM cell of 
figure 6. 

[Explanation of Symbols in Drawings] 
1 

Source wiring 
2 

Diffusion layer wiring 
3 

Polysilicon wiring of second layer 
4 

Power supply wiring 
DN1 

Memory node 
DN2 

Memory node 
Tl 

Drive transistor^ RK R2 
Tl 

Load resistance % Dl 
Tl 

Drain area x SI of drive transistor Tl 
Tl 

Drain area N D2 of drive transistor Tl 
Tl 

Drain area x S2 of drive transistor T2 
Tl 

Drain area of drive transistor T2 
T2 

Drive transistor x RK R2 
T2 

Load resistance > Dl 
T2 

Drain area^ SI of drive transistor Tl 
T2 

Drain area^ D2 of drive transistor Tl 
T2 



Drain area N S2 of drive transistor T2 
T2 

Drain area of drive transistor T2 
[Figure 1] 



[Figure 2] 



[Figure 3] 



[Figure 5] 



[Figure 6] 



[Figure 4] 



[Figure 7] 
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20 0 fc*ffl*^*-< &*>±# "5 , » 1 OBttffl h 7 y i-'X ? 

Ti^-jj-y. m2commY-yyi;xfT2tf*7m 

fcfc*. iiiti"). ^lOKity-KDN 1*5 "L" 
K/k »2^)E*/-H 0^2** "H" U-^l^)«!B 
fcfc'J. lEtlr-^ "1" *%WIS«§itl)^ttc=5: 

fiKLT*3Wf, E«-f-^ "0" **^J«!RJESn*it 
Hi*. 

[0026] ±ieU?tJ:d ! 5rSRAM-fe;K7)rU'f $rW 
■f*SRAMt e t^(f, «WftA*«Wc*Jft*IBflf'- 
30 ^mHaOfiirWKtflHI^*Cfcj^«Ki*^ 

x\ ^xcosRAM-tMzmwcoimT-fzmz&ts 

[00 27] 2ffl*>-ryA*-*0>»fl5r»tt*jri$r 
ttflEi^rffifc:**. JtJESOtWOSRAMtt. 

Bt»ajL»fflw'?^^ROMfc»if5L'c. m^tai/m 

Z&*mm%-?x?RAMi:&-t&ZktfX'Z&. ie 
40 fc, ^2^-ry--W^IMmtt*JWrfe-i±4fctt 
OS^CT k LT . 2 IcolElSffl ommtfl 
£olzlXi>^\ @4{i, *»»fc4»tt 
* S RAMtlWtf-yffi&nmcomt^t. 

[0028] zcomx-te. % i (Dwmm v ? y^n 

l<0(H^*gml^»2OBrttfflh5y^^T2O 

IBI&^gm2 < J:'}t^#< : 5:*J;o^«$^ 21 
WJSJSSff R 1 *J J: R 2 «R t - t-f Xt*^^$^T V > 
*. ifc. 04(ci3V%T. Bl+fcH-aafctiH-ff 

50 [0029] ClOJ: ^ ^fi£-f*^tf>(c{i. tfMM<m 
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^¥6-6 06 6 7 



[0030] 14«SRAMt;Hi, gral>gm2f 
ti&ZtlzKZ. IMSHbimtz, gml<gm2i^ 

iXoizBtfLixbrnf. wtr-* "o" wwimsi 

[003 1 ] 3S»fc. t&2Wn4>*-9<?W!t&m 

F D N 1 tj J: tf® 2 cOlBfgy — FDN2 KEV HcgSrS 
tt0>y-h«HLfc»JSU 2ffltf>fiifi*?Rl*$J:tfR 
2£H] fclMXC»*U 2»)l!!)fflh7>'>-'X?T 
lfcJtfT2£RtlMXT#JftLTfcJ:0. 
[00 32] **J, ±K£ttWtt, SRAM*«[5]8&£ 
TfiltZtfi. XftmiZtllzmb?. SRAM5:ft!j<7)[HlS§ 
t PI-?- 7 7*±K«« LfcHWMMilllBfcHRWfca 

[0033] 

[ WWm ) ±» Lfc J: 3 tC*»Hfc J:*itfs S R A 

fcajwRjgf- & z t h cdx\ mi amtrn 
j». wHEtezzmsite+i ztizx<o. warn. 



tt. ffl^fflOr^-fe^-rSdtA^tC^O, SRAM 
[W^fSm=5r^] 

[0 1 ] *3flMBW-3lilWlt:ffi4 S R AMCrfcftS s R 
A M -t - yft j£c9-#l£ jfct*mm. 

[02] 01OSRAM-fc/M=i5*t6E/RM7'J 

[03 ] 0 1 «SRAM-t;l^«aHftAii»tKttT- 

[04] *«Wt:ti»t4SRAM-b;i^W-yfllrt« 

[05] SRAM-fe/K?)HRe«FSrfl|jS^Srr[gBH. 
[06] ^*<0SRAM-b;Wcfcft4E/RM7ll 7 7* 

[07] 06<7)SRAM-feMcWJE-ri»'^-y^BS;^ 

ti. T2 ~mmmYyvi>*?. ri, R2-juws 

20 St. D 1 -Biffl h 5 ^y'X^T 1 (0 K l/>f yf^ s S 
l-WmmVyy : Jx-S'Ti<r>¥V^y^m. D2-K 

mmvyyi;x?T2<r>Y\"(ymi. s2-rawah 

7> i JX9T20>Y\s4>W&. 1-V-*E*. 2- 
ffiftVSH. 3-»2JBBO^'Jj/y3yiM» 4-m 
eiS. DNl, DN2-IB*>'-H. 



[01] 





DN2 



1 



IM5] 



S3 



§|_^CT2 (DN2) 
04 

VA>Af/////M//A *> 



1 — i r- 




DNl 


10 

£± 




DNz 


V i 


I 


/ 14 









[03] 




Vcc Vcc 



-W- DNl- 



-0N2 
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ABSTRACT : 

PURPOSE: To automatically initialize stored data 
immediately after turning 

on the power of SRAM in order to extend application by 
forming a flip-flop 

circuit with two inverters in different operation 
characteristics in a SRAM. 

CONSTITUTION: If the resistance of a resistance element 
Rl > the resistance 

of a resistance element R2 , a voltage rises faster than 
storage nodes DN1 , DN2 

when the power switch is turned on. Thereby, a driving 
transistor (Tr) Tl 
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turns on and the transistor T2 also turns on. Thereby, the 
node DL1 becomes L 

level, node DL2 becomes H level and the stored data 'I 1 is 
initialized. 

Moreover, on the contrary, when Rl < R2 , the stored data 
'0' is initialized. 

As explained above, by using a SRAM having an array of 
SRAM, the stored data 

can be initialized automatically as desired after the power 
is turned on, 

making unnecessary the initialization for writing the 

desired data in all the 

SRAMs. 
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